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Tém tit: Bai bdo nay trinh bay mot sb két qua nghién ctru ché tao vat lidu trao d6i anion tir

polystiren phé thai va thir nghiém kha nang xir 1y PO,”

cua vat ligu trong nudc voi muc dich

nghién ciru vat liéu xir Iy nuéc 6 chi phi thap, than thién voi moi truong va tai sir dung chét thai
ran. Qué trinh tong hop nhya trao d6i anion tir polystiren phé thai trai qua ba giai doan bao gom
phan loai va 1am sach, phan tng clometyl hoa vong thom va phan ng amin hoéa dé tao nhua trao
dbi anion. Anh hudng cua cac tac nhan phan tng clometyl hoa, nhiét d6, thoi gian va ham luong
etylen diamin t&i hidu suét _phan tng, kha nang trao ddi cua nhya d3 duoc nghién ctru danh gia
khao sat. Po bén kéo, do bén nén ciia nhya duge xac dinh bang cac phuong phép tiéu chuin. Do
bén kéo cua nhua dat 28,90 (N/mm ), do bén nén 54,40 (N/mm ), dung lugng trao ddi cuc dai déi

vO1 ion PO43' cua nhua dat 10,50 mgPO43 g.

Tir khéa: Trao dbi anion, polystiren, clometyl hoa, amination.

1. Pit van dé

Polystiren (PS) 1 loai nhya dugc tong hop
tir nguyén liéu dau mo, nhya PS duge tmg dung
dé san xuét cac do gia dung va cac san pham
cong nghi€p phuc vu hau hét cac linh vuc cua
doi séng xa hoi. Cac san pham ché tir nhya PS
sau khi hét nién han str dung duogc thai bd va tré
thanh phé thai gay nguy hai cho méi truong do
didc tinh hoa 1y va do bén cia chung trong tu
nhién. Hién tai phé liéu PS cha yéu dugc thai
bo ra mdi trudng ma chua ¢6 mot hinh thirc hay
bién phap xur ly va tai sir dung hop ly voi tong
luong thai bo trén thé gisi tang déu mdi nam
wdc tinh khoang trén 100.000 tin/nam. Phé thai
tir cac san phdm PS nay néu dem chén lap s&
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tén dién tich dét, dong thot con gay 6 nhiém
cho cac thanh phan moi truong dat va nudc.
Néu dung phuong phap d6t chi phi s& cao va
gy 6 nhiém moi truong do sinh ra khoi bui, cac
khi doc trong d6 co thé co dioxin, gly hai cho
sac khoe con ngudi, moi trudong va tiém 4an
nguy co lam suy giam tang ozon. Dung phwong
phap tai sinh nhwa phé liéu thuong khéng thu
dugc san pham chit luong cao do PS dé& phan
hay nhiét va gia thanh san pham tao ra lai cao
hon nhya “nguyén sinh” néu xét vé goc do ning
luong [1].

Hién nay, & nudc ta nhu cAu vé st dung
nhwa trao ddi ion tmg dung trong xir Iy 6 nhidm
nudce thai va nude sinh hoat 1a khéa 16n va dang
phai nhap khiu hoan toan tir nuéc ngoai. Vé
ban chit nhya trao d6i ion c6 thanh phan chinh
la nhya copolime stiren va divinylbenzen, dugc
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Hinh 1. So d0 phan ting tong hop nhua trao ddi anion.

tong hop théng qua viéc bién tinh thé vong
thom trén mach dai phan t& dé tao ra cac nhom
chte hoat dong c6 kha ning trao ddi ion theo so
dd phan Ung hinh 1 [2-4]. V61 co s¢ khoa hoc
va tinh cép thiét nay, viéc nghién ctru ché tao
nhwa trao ddi anion tir ngudn nguyén liéu phé
thai PS co tinh khoa hoc va ing dung cao.

2. Thuc nghiém

2.1. Nguyén liéu, héa chat

- X6p PS phé licu;

- Nhom clorua hexahydrat, AICl;.6H,0,
99,9% (Merck-buc);

- Thiéc clorua dehydrat, cong thic
SnCl,.2H,0, 99,8% (Merck-Duc);

- Clorometyl ete, CICH,-OCHj;, 99,9%, d =
1,06 g/ml (Merck-Dtrc);

- Etylen diamin, (C,Hs),NH, 99,8%, 0,9
g/cm’ (Sigma- Aldrich);

- Etanol, C,HsOH (Viét Nam);

- Xylene, (CH3),CsHa, 99,9% (Merck-Duc);

- Dung dich chuan gc PO, (Merck- Dirc).
2.2. Phuong phdp tong hop nhwa trao doi ion
twr PS phe liéu

a) Tach phéan loai va lam sach PS

Xbp PS phé thai sau khi thu gom duoc phin
loai, tach va loai bo cac chat ban va cac thanh
phan nhya phé li€u khac, rita sach, lam kho,
dua vao may bam nho téi kich thude hat c&

Imm. Sau d6 hoa tan hoan toan vat liéu b;"mg
dung méi xang thom hodc xylen, két tia lai hat

nhua PS va loc rira lai bé'mg etanol, 1ap lai qua
trinh nay 2 toi 3 1in dé loai bo hét tap chit va
phu gia, ta thu dugc PS sach roi dem di séy o
nhiét d6 ¢ 80°C trong thoi gian tir 2 + 3 gio.

b) Tong hop nhya trao ddi anion tir PS
phé thai

Nhura trao doi anion tong hop tir PS phé thai
trai qua 2 giai doan

Giai doan 1: Phén tng clometyl hoa

+ Nhuya PS phé thai sau khi lam sach duoc
hoa tan hoan toan bang dung méi xylen véi cac
ndng do khac nhau tir 2+10% theo khdi lugng.
Tién hanh phan ung clometyl hoa tai dai nhiét
d6 tir 120-160°C trong binh cau 3 ¢ nham c6
sinh han hoi lwu va 1ap nhiét ké, v6i thoi gian
phéan g tir 6 ~ 8 gid. Clorometyl ete dugc su
dung lam tac nhan phan ung theo ty 1¢ da tinh
toan, phan tng sit dung cac mudi SnCl, va
AICl; 1am chit xuc tac Két thiic phan tmg nhya
PS clometyl héa dugc két tia lam sach bang
etanol dé loai bo chat xtc tic va cac tdc nhan
chua phan Gng, tién hanh sdy san phim dén
khéi lwong khong dbi trude khi thuc hién phan
ung amin hoa dé tao nhua trao di anion [3-5].

Giai doan 2: Phan tng amin héa

San phdm PS clometyl hoa & giai doan 1
dugc hoa tan trong dung moi xylen voi céac
nong do tir 5 + 10% tinh theo khoi lugng, sau
d6 dua vao binh phan tng thyuc hién phan ng
amin hoa dé tao nhya trao ddi anion. O giai
doan nay, phan Ung dugc thyc hién voi ty 1€
ham lugng etylen diamin khac nhau, tai nhiét
do 120°C, thoi gian cho qua trinh nay dién ra
trong 3 gio. Nhuya trao ddi anion tao thanh duoc
két tia lai bang etanol sau d6 duoc siy kho tai
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nhiét do 80°C dén khdi lwong khong dbi, dé
ngudi toi nhiét dd phong roi dem nghién tao
thanh hiing hat nhuya c6 duong kinh khoang
Imm. San pham sau qua trinh nay s& duoc
khao sat thir nghiém dé danh gia kha ning
trao d6i anion.

2.3. Phuong phdp thir nghiém trao déi anion
PO, ciia nhira trong phong thi nghiém

Khao sat hiéu suét trao ddi anion PO,> cua
nhua:

Cén 2,0 £ 0,1(g) nhya da tong hop theo muc
2.2, chuyén lugng nhya vao coc thily tinh c6
mo 500ml, song song quéa trinh nay chudn bj
cac dung dich chuén PO,* ¢6 néng d0 xac dinh.
L?iy chinh xac 100ml dung dich chuén PO43'
cho vao cbc dung nhya va dua vao hé théng
may khudy dé thuc hién qua trinh trao ddi ion
PO, cua nhya. Két thuc qua trinh thyc hién
trao ddi, tién hanh loc loai bo nhya thu dich loc
va xac dinh lai ham lugng anion PO,* con lai
trong dich loc.

Dbi voi qua trinh khao sat thoi gian can
bang trao ddi: Chuan bi 6 coc 500ml c6 mo
chua 100ml cac dung dich anion PO,> ¢o cung
ndng 14 0,1mg/l, tién hanh khudy trao ddi véi
cac khoang thoi gian khac nhau.

Khao sat xac dinh dung lugng trao ddi cuc
dai: Chuan bi 5 cbc 500ml €6 mo chira 100ml
dung dich anion PO, ¢6 nong do tu thap dén
cao, sau d6 thuc hién trao dbi véi nhua, toc do
khudy va thoi gian trao ddi duoc duy tri 6n dinh
khong doi.

2.4. Cac phwong phap phan tich tinh, ddc trung
cau triic, tinh co, Iy, hoa cua vat liéu nhya trao
doi ion tir PS phé thai

+ Phuong phéap xac dinh d6 bén kéo dut cua
vat liéu theo tiéu chuén ISO 527 - 2 (1993), duoc
do trén thiét bi do do bén co da ning
HOUNSFIELD 10 KN (Anh) tai Vién hoa hoc
Coéng nghiép.

+ Phuong phéap xic dinh d6 bén nén theo
tiéu chun ISO 604 - 1993, duoc do trén thiét
bi do d6 bén co da ning HOUNSFIELD 10
KN (Anh) tai Vién hoa hoc Cong nghiép.

+ Phuong phap phan tich Pho hong ngoai
IR: Phd hdong ngoai (IR) duoc do trén may
BRUKER- TENSOR (Puc) tai Vién Hoéa hoc-
Vién han lam khoa hoc Viét Nam.

+ Phéan tich xac dinh n6ng do PO, theo
TCVN 6202: 2008, tai khoa Moi truong -
truong PHTNMT HN

+ Xac dinh dung luong trao ddi cuc dai cua
nhya d6i véi ion PO,: Dung lugng trao doi
cuc dai cua nhya ddi voi ion PO, duoc thuc
hién theo phuong trinh biéu dién sy phu thude
ctia ndng do ion PO,> vao dung luong trao cua
nhua.

Phuong trinh tinh toan dung luong trao doi
cuc dai: Q=Quub x C/(1+ b x Cy) (¥)

Trong d6: Q, Quax: dung lugng trao do6i va
dung luong trao dbi cuc dai, C;: Nong do dung
dich tai thoi diém can bang

3. Két qua va théo luan

3.1. A)nf,z huwong ham luong clorometyl ete toi
hiéu suat phan ung clometyl hoa

Phan trng clometyl héa nhya PS dugc thuc
hién nhu trinh bay trong muc 2.2.b. Cac diéu
kién phan tmg dugc duy tri on dinh: Khdi lwong
PS khao sat 20 gam, nhiét d6 phan tmg 140°C,
thoi gian phan Gmg 13 8 gio, téc do khudy 200
vong/phut. Thé tich cua clorometyl ete thay ddi
lan luot 13 1, 3, 5, 7, 9 ml. Bang 1 trinh bay két
qua anh huéng ham luong clorometyl ete dén
hiéu suat clia phan mg clometyl nhya PS. Hi¢u
suat phan tmg dugc tinh bang (khdi lwong PS
clometyl hoa thu duoc-20)/(khdi luong PS
clometyl hoa theo 1y thuyét - 20).
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Bang 1. Anh hudng ctia ham lugng clorometyl ete dén higu suit phan tmg

Ham luong Khoi lugng PS clometyl Khoi luong PS clometyl tinh theo  Hi€u suat phan
clorometyl ete [ml]  hoa thu dugc [gam] 1y thuyét [gam] ung[%]

1 20,42 20,44 95,06

3 21,24 21,31 94,03

5 21,99 22,19 90,85

7 22,27 23,07 73,94

9 22,67 23,94 67,66

Két qua bang 1 cho thdy, khi ting ham
luong clorometyl ete hiéu sudt phan ung
clometyl héa giam, cu thé hiéu suit cua phéan
mg giam tir 95,06% xubng con 67,66 %. Voi
khoang thé tich clorometyl ete nhé hon 5ml,
hiéu suat phan tng dat gid tri cao trén 90% va it
c6 sy thay doi. Khi ting thé tich clorometyl ete
16n hon 5ml hiéu suit phan tng giam di 13 rét.
Giai thich su thay d6i hiéu suat cua phan ung
clometyl héa 1a do trong cic phan tir PS s6
luong gbc vong thom phan tng thé véi
clorometyl ete 1a khong déi Khi thé tich
clorometyl ete nho luong gbc clometyl hoa
phan tng voi s6 luong gdc vong thom cua PS
hau nhu xay ra hoan toan nén hiéu sudt cua
phan ung dat gia tri cao. Trong khi ham lugng
luong clorometyl ete cao lwong gdc clometyl
héa phan rng du 1a nguyén nhan lam giam hiéu
sut ciia phan tng.

3.3. Anh hwéng nhiét @¢ phan vmg t6i hiéu sudt
phan ung clometyl hoa

Céc diéu kién thyc hién phan tng duoc duy
tri khong d6i bao gom: Thé tich clorometyl ete
la 5,0 ml/20 g PS, thoi gian phan ung la 8 gio,
tbc do khudy 200 vong/phut. Phan tng clometyl
héa nhya duogc thuc hién & cac nhiét do khac
nhau lan lugt 1a 120°C, 130°C, 140°C, 150°C va
160°C. Hinh 2 biéu dién két qua anh huong cua
nhiét d6 phan ung clometyl héa t6i hiéu suit
ctia san pham PS clometyl héa.

Tir két qua nay c6 thé nhan thay, khi ting
nhiét d6 phan Ung ting, higu suét ciia phan tmg
clometyl hoa c6 sy thay d6i. Hiéu suit caa phan
ung tang tur 80,20 % lén 95,40 % nhanh trong

khoang nhiét do tir 120°C 1én 140°C.

O khoang nhiét do phan tmg cao hon tir
140°C 1én 160°C hiéu suét phan Gng lai giam
nhe tir 95,40 % xudng con 92,60 %. Nguyén
nhan dan t6i hién tuong trén 1a do tai nhiét do
phan tmg clometyl hoa cao, phan Ung s& xay ra
v6i téc d6 nhanh hon lam ting hiéu suit phan
ung. Tai nhiét d¢ thuc hi€n phan rng cao hon
140°C c6 thé 1a nguyén nhan dan t6i sy bat dau
phan huy cac phan t& PS do d6 lam giam hiéu
suét ctia phan tng.

3.4. Anh huéng ham luwong etylene diamine (i
dung luwong trao doi cua nhua

Ham luong etylen diamin c6 anh huong
tryc tiép va quyét dinh dén kha ning trao doi
anion cua nhua. Cac thi nghiém khao sat anh
huong ham luong etylen diamin tdi dung luong
trao doi ciia nhwa duoc thuc hién nhu trinh bay
trong muc 2.2.b, Kkét qua thi nghiém dugc thé
hién & bang 2.
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Hinh 2. Anh hudng ciia nhiét do toi hidu suét phan
ung clometyl hoa PS.
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Bang 2. Anh hudng ctia ham lugng etylen diamin t6i
dung lugng trao doi ciia nhya

Thé tich etylen diamin Kha néang trao doi
sir dung cho phan tmg (ml) PO,” (mg/g)

2 1,35
4 2,10
6 2,35
8 2,32
10 2,33

Két qua thu duoc cho thiy khi ting thé tich
etylen diamin tur 2,0 + 6,0 ml trén khbi lugng
20g nhya thi dung luong trao doi ctia nhya ddi
v6i ion PO,> tang 1én tir 1,35 1én 2,35 mg/g.
Khi tang ham luong cua etylen diamin tir 6 ml
1én 10ml dung lugng trao d6i ctia nhya véi ion
PO,* it c6 su thay ddi. Ly giai sy thay ddi dung
luong trao ddi voi ion PO,> ciia nhya 1a do véi
ham luong etylen diamin thap chua di dé phan
g hét voi cac nhom clometyl hoa trong nhya,
$6 nhom churc tao ra dé trao ddi voi ion PO, 1a
it do vay ma dung luong trao ddi thap. Trong
khi ham lugng etylen diamin cao lai dan t6i su
du thtra so véi nhom clometyl héa cua nhya, do
viy ma dung luong trao ddi cia nhya vdi ion
PO,* it ¢6 sy thay doi.

3.5. Phan tich xac dinh mot s6 tinh chdt cua
nhya trao doi anion tir PS phé thdi

3.5.1. Két qua xac dinh d6 bén kéo dut va
d6 bén nén cua nhua trao doi anion tir PS phé
thai

Dé xac dinh do bén kéo dut va do bén nén
cua nhya trao d6i anion tir PS ph¢ thai, tién
hanh gia cong ché tao cac mau do theo ti€u
chuan nhu mé ta trong muc 2.4, tién hanh do
mau 5 lan sau do tinh két qua trung binh.

Két qua xac dinh do bén kéo cua nhua trao
d6i anion thu duogc nhu sau:

+ D6 bén kéo: ox = 29,80 (N/mm?)

+ D6 bén nén: 6, = 54,40 (N/mm?)

3.5.2. Két qua phan tich phé hé)ng ngoai IR

Hinh 3 va 4 trinh bay két qua phan tich pho
hong ngoai cua PS phé thai va cua nhya trao doi
anion duoc tao ra tir PS ph¢ thai.

475 85

Hinh 4. Phd IR cta nbua trao ddi anion
tr PS pheé thai.

Phd hong ngoai IR cua nhwa PS trén hinh 3
thé hién cac pic ¢ 2886,73 cm’™; 2979,99 cm™;
3091,91 ecm™ vé6i chan pic rong dic trung cho
lién két C— H trong mat xich CH[C¢Hs] -
CH.),). Cac pic ¢ 1726,27cm™; 1632,12 cm’
v6i chan pic rong dic trung cho lién két C= C.
Céc pic ¢ 883,72cm™; 738,87 cm™; 635,06 cm™
véi chan pic rdng dic trung cho dao dong cuia
lisn két uén C- H vong thom trong
(€CH[C4Hs]-CHy),). Trén hinh sé 4 cac pic tai
2867,91 cm™; 2935,94 cm™ véi chan pic rong
dic trung cho lién két C— H trong (¢CH[C¢Hs]-
CH,},). Cac pic 6 1706,39 cm™; 1630,54 cm’';
1547,80 cm™ v&i chan pic rong dic trung cho
lién két C=C. Cac pic ¢ 885,85cm™; 773,23
cm™; 685,89 cm™; 621,53 cm” voi chan pic
rong dic trung cho dao dong cua lién két uén C
—H vong thom va cac pic dic trung nay déu co
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su chuyén dich dang ké so voi nhya PS. Ngoai
ra con thé hién cac pic tai 3226,60 cm’;
3381,21 cm™ voi chan pic rong dic trung cho
dao dong cua lién két N- H trong (R,NH'CI),
diéu ndy minh chimg cic phan ung di that su
dién ra.

3.6. Thir nghiém kha ndng trao déi anion PO,
cua nhya trao doi anion tir PS phé thai

a) Anh huéng cua thoi gian t6i dung luong
trao d6i v&i anion PO, cua nhuya trao ddi anion
tir PS phé thai

Dé danh gi4 kha ning trao dbi va xac dinh
dung lugng trao ddi cuc dai cta nhua trao ddi
anion tir PS phé thai d6i véi anion PO,> cac thi
nghiém da dugc tién hanh nhu mo ta tai muc
2.3. Hinh 5 thé hién dung lugng trao doi cua
nhya véi anion PO, (néng dd anion PO,* chon
la 0,1mg/1) cuia nhya theo thoi gian.

Két qua hinh 5 cho thiy thoi gian dat can
bang trao ddi ctia nhya trao ddi anion tir PS phé
thai ddi voi anion PO, 1 khoang 40 phiit.

b) Xéc dinh dung luong trao d6i cuc dai cla
nhwa trao d6i anion tir PS phé thai d6i v6i anion
PO,”

Dung luong trao ddi cuc dai cda nhya dbi
v6i anion PO, dugc xac dinh theo phuong
phép thuc nghiém va tinh todn mo ta & muc 2.4.
Bang 3 1a két qua cac sd liéu thuc nghiém va
tinh toan dé xac dinh dung lugng trao dbi cuc
dai ctia nhuyra

a[mg/fg)
-
-~

2,3

Thé&i gian trao d&i [phat]

o 10 20 30 40 50 60 70

Hinh 5. Anh huong cua thoi gian t6i dung lugng trao
d61 voi anion PO43 " cuia nhua.

Bang 3. Anh hudng clia népg d6 ion PO,> dén
dung lugng trao doi ciia nhya

Thoi gian

trao doi Co(mg/l) Cy(mg/l) Q (mg/g) C/Q
(phut)

40 0,04 0,015 1,15 0,0130
40 0,05 0,021 1,45 0,0145
40 0,08 0,034 2,30 0,0148
40 0,16 0,075 4,25 0,0176
40 0,50 0,320 9,00 0,0356

Tir s6 liéu thyc nghiém thay vao phwong
trinh (*) muc 2.4, tinh duoc dung lugng trao ddi
cuc dai dbi v6i anion PO,* cua nhya 1a 10,50
mg/g.

4. Két luan

Nghién ciru d tong hop dugc vat lidu trao
dbi anion tir polystiren phé thai, két qua thur
nghiém cho thiy vt liéu c6 kha niang xir ly ddi
v6i anion PO,> trong nudc. Nhu vdy ddy duoc
xem la mot hudng nghién cuu vat ligu xu ly
nude c6 chi phi thip, than thién véi moi truong
va ¢6 kha nang tai st dung chét thai rin, han
ché tac dong cua phé thai PS téi moi truong.

Nhuya trao d6i anion ché tao tir PS phé thai
trai qua 2 giai doan: Phan tng clometyl hda
duoc thuc hién tai 140°C, néng do PS tr 2+10%
tinh theo khi lugng, thoi gian thyc hién 8gio,
hén hop chit xiic tic 1a AICL.6H,0; SnCl,.
2H,0. Phan ung amin hoa dugc tién hanh véi
etylen diamin tai nhiét do 120°, thoi gian 3 gio.

Céu trac cua nhua trao ddi anion tir PS thai
dugc chimg minh bang phd hong ngoai IR, do
bén kéo cua nhya dat 29,80 (N/mm?); d6 bén
nén dat 54,40 (N/mm?).

Thoi gian dat cin bang trao ddi ciia nhya
vao khoang 40 phut va dung lwong trao ddi cuc
dai d6i v6i anion PO,> 13 10,50 mg/g.
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Abstract: This paper presents the results of the study on creating anion-exchanged materials from
polystyrene wastes. The synthesis of anion exchange resins from waste polystyrene underwent three
stages, classifying and cleaning, chemical reactions aromatic chloromethyl anh amination reaction to
form anion exchange resin. The study also investigates the effects of the chemical gents
chlomethylization, temperature, time, and the concentration of ethylene diamine on the reaction
efficiency and exchanging ability of the resin. The tensile and compression tensile strengths of the
resin are determined by the standard methods. The tensile strength of the resin reaches at 28.90
(N/mm %), the compression tensile strength at 54.40 (N/mm?®), and the maximum capacity for the

Keywords: Anion- exchanged, polystyrenen, chloromethylation, amination.



